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1. INTRODUCTION

This report describes work performed under Contract No. NAS-5-3232
dealing specifically with the construction, installation and check out of
a radome measurement facility located at the Conductron Radar Cross Section
Measurement Range in Augusta Township, Washtenaw County, Michigan. The
purpose of this facility is to provide a capability for the electrical

evaluation of passive communications satellite materials.

The report discusses the support facility, the radome, the radome
installation and electrical evaluation, and the facility instrumentation.
As presently designed this facility provides a capability for measuring
the microwave reflection and transmission characteristics of reflective
materials. Twenty-two foot segments of passive communications satellites
up to 400 feet in diameter can be evaluated. With this fixture, it is
possible to maintain the segment radius of curvature as material skin
stress increases for any material which would be practical in the design

of passive communications satellites.
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2. RADOME SUPPORT FACILITY

The radome support facility encompasses all of the structures which are

necessary to make the test site operational but which, because of their nature,
cannot be removed from the site. These structures include the working buildings
and storage space, the concrete runways around the site, and the hydraulic equip-
ment in the radome. A complete set of facility drawings is shown in Appendix A.
A1l working buildings and storage areas were constructed underground for
the purpose of minimizing radar reflectioﬁ problems., There are two separate
underground rooms. The master control room is located at one end of the facility
and the radome equipment room is located at the other end, directly under the
radome. The general layout and size of these rooms is shown in Appendix A.
A picture of the master control room is shown in Figure 2.,1. This room has
a floor space of approximately 324 square feet and houses all microwave equipment,
pressure monitoring equipment, and position monitoring and control equipment for
both the antennas and the test fixture. A reinforced concrete slab floor, U4 inches
thick, rests on reinforced concrete perimeter footings 20 inches deep by 12 inches
wide, A minimum of L4 inches of sand fill was used under the floor. The walls are
constructed of 12 inch concrete block reinforced every third course with "Wal-Lock"
and waterproofed with two coats of Thoroseal. The ceiling was slightly pitched and
constructed of prefqrmed concrete slabs 18 feet long, 4 feet wide and 5 inches
thick, which span the exterior walls. The finished ceiling was intentionally
constructed to be below the final grade level so that final grading could be
accomplished by gravel fill., The gravel and the slight pitch which was built
into the ceiling prévent an excessive amount of ground water from accumulating.
Access to the room is gained by a set of wooden stairs which were made portable
so that heavy, delicate equipment, such as microwave receivers and recorders,
could be transported by an overhead crane. The floor plan of the rooms under-
neath the radome is shown in Appendix A. As can be seen, the general room area is
irregular in shape, confarming to the circular contour of the radome pad support
footing. The total floor space is approximately 672 square feet., The outside
walls are recessed 12 inches from the radome pad footing and are constructed of
12 inch concrete block. These walls are reinforced every third course with
"Wal-Lock" and are sealed on the outside with two coats of Thoroseal. The interior

walls are constructed of 8 inch block and are also reinforced every third course
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with "Wal-Lock",

The blower room has a floor space of approximately 200 square feet and houses
the radome inflation blower system and the emergency power system, which are
discussed in detail in Section 3 of this report, and shown in Figure 3.2. The
duct which supplies make-up air for the blower system was brought in through ane
wall of the blower room. The air duct is constructed of preformed concrete pipe,

10D £~

having an inside diameter of 30 inches, and is approximately 155 f

ot

long. The
positioning of the duct is shown in Appendix A. The primary reason for the length
of the duct is that in order to provide enough air, the intake port must be removed
from any obstruction which might cause turbulence. The radome causes significant
air turbulence under windy conditions. The duct also provides a method for running
instrumentation cables between the radome and the master control room. An eight
inch duct connects the master control room to the make-up air duct for this purpose.

The furnace room has a floor space of approximately 200 square feet and houses
the furnace, the hydraulic pump and the hydraulic fluid storage units. The furnace
is described in Section 3.3 of this report and shown in Figure 3.4. The 'hydraulic
system is discussed below,

The concrete runways provide surfaces over which materials and equipment can
be moved with a minimum of difficulty. The runway which is shown as the bistatic
track in Appendix A provides a surface for movement of the antenna towers. This
track is 86.5 feet long, 8 feet wide and 5 inches thick, and rests on a minimum
of 1 foot of sand fill, The front edge of the track is a 30 degree segment of a
circle 150 feet in radius. The runway which connects the bistatic track to the
radome pad is 120 feet long, 12 feet wide and 5 inches thick, and also rests on a
minimum of 1 foot of sand fill,

The radome pad is made of reinforced concrete and is 64 feet in diameter
and 6 inches thick. It rests on a reinforced footing, 48 inches deep by 10 inches
wide, extending around the entire perimeter. Part of the pad serves as the ceiling
for the underground rooms and the remainder was constructed over at least 2 feet
of sand fill. The pad surface within the radome is flat while outside, the pad
slopes sharply down to the final grade level in order to provide drainage.

The radome is attached to the pad by means of anchor bolts set in the concrete.

Being an air supported structure, the radome exerts a considerable lifting force on
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the attachment bolts. In the maximum pressure condition the total lifting foxrce

is in excess of 200,000 pounds. A total of 96 anchor bolts are used (as shown

in Drawing No. Sk 1946 in Appendix A) making the lifting force on each bolt

slightly in excess of 2,000 pounds. The anchor bolts are welded to reinforcing rods
which extend around the entire radome perimeter. These rods are attached periodically
to other rods which extend down into the footings. This is shown in detail in
Appendix A. The attachment method spreads the lifting force uniformly over the
attachment area and provides a uniform surface which will not be affected by

frost heaving.

A hydraulic system has been installed inside the radome to lift the test
fixture above the radome floor so that radar reflection and transmission measure-
ments can be made, The hydraulic post and cylinder was manufactured by the Joyce-
Cridland Company and has 14k feet of travel, The post is shown in the fully
extended position in Figures 4,1 and 4.2, The post is powered by a single phase
220 Volt electric pump rated at 5 hp. Hydraulic fluid reservoirs having a total
capacity of 132 gallons have been provided. This equipment is shown in Figure 2.2.
A non-rotating device has been incorporated into the system so that a fixed angular
reference can be obtained. The height of the hydraulic post is controlled by means
of push button switches located in the stairwell leading from the air lock to the
radome. The post position and the test fixture position can thus be observed while
changes in the post position are being made. The post position can be changed in

increments of less than 0.25 inch using the push button controls.
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3. RADOME

The radome is an air supported truncated sphere 60 feet in diameter and

37.5 feet high and is shown in Figure 3.1.

3.1 Radome Construction

The basic material used in the construction of the radome was a white
vinyl coated nylon fabric weighing approximately 29 ounces per square yard.
Gore construction was used and the gores are tied together and reinforced at
the top by a pole cap. A crown plate was placed at the pole which will with-
stand a downward force of 500 pounds. A provision was made for the installa-
tion of an eye ring in this plate so that a small hoist can be installed for

handling small pieces of equipment.

A 1/2 inch braided nylon rope is bonded to the radome material around
the bottom of the radome. The radome is attached to the pad by bolting the
material between a metal plate, which is set into the concrete, and a piece
of channel stock with the rope below the bolt line. This is shown in Drawing
#SK 1946 in Appendix A. An extra piece of material was bonded to the
exterior surface of the radome at the bottom which protects the attachment

area from weathering.

Since the radome is to be used in the performance of radar cross section
measurements, discontinuities in the radome surface were carefully avoided.
All blowers and associated equipment were placed underground. There are no
doors in the radome and entrance is gained by a stairwell in the floor leading
from the underground air lock. The crown plate was made from a dielectric

material as were the two exhaust ports in the side of the radome.

3.2 Radome Operation

The radome is an air-supported structure requiring a certain minimum
internal pressure in order to remain erect. The pressurization system con-
sists of two centrifugal backward-blade blowers whose operation is controlled
manually and/or automatically. A picture of this system is shown in Figure
3.2. Blower No. 1 is a high-volume, low-pressure blower designed to run
continuously and is the larger of the two blowers. The blower motor is rated

at 5 hp and requires 60 cps 220 V single-phase power. -An On-Off switch and
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indicating light on the control panel are connected through a magnetic starter
to this blower. Normal operating pressure, with this blower alone, should be

approximately 2.5 inches of water.

The smaller blower is used for higher pressure or when additional air
flow is required. Normally, higher pressures are required only when the wind
is between 70 and 100 mph. Additional air flow is required only for initial
erection of the radome or for abnormal loss of air due to large area venting
for greater circulation of air. The blower motor is rated at 2 hp and requires
60 cps 220 V single—phase power. This blower is controlled through a three-
position switch, AUTO ON, MAN ON, and OFF or RESET, mounted on the control
panel. The blower installation is shown in detail in Drawing #SK 1938 in

Appendix A.

For normal operation the switch for Blower No. 1 is left in the ON posi-
tion. The blower will run continuously providing an operating pressure of
approximately 2.5 inches of water which is sufficient for wind speeds up to
70 mph. The switch for Blower No. 2 is set to the AUTO ON position. (See

Figure 3.3 for guide to operating pressures.)

If at any time, with main power ON, the pressure level in the radome
drops to 1.5 inches of water, the pressure switch will turn on the warning
and, after a 20 second delay, start Blower No. 2 which will continue to run
until the switch is turned to the OFF or RESET position. If the winds exceed
70 mph, or gusts are sufficient to cause the envelope to distort, the pressure
is raised. It is then necessary to manually switch on Blower No. 2. The
exact pressure level required for any given wind velocity is shown in Figure
3.3. However, it is not absolutely necessary to know the exact velocity as
the basic reason for the increased pressures is to prevent radome distortion

or whipping, and this condition is readily visible.

The structural stability of the radome is dependent upon a continual
source of blower power. An emergency motor-generator has been installed which
will supply blower power in the event of a line power failure. The generator
is a single phase Kohler Model #10RM61 and will supply L4k amps at 230 V at 60
cps. If line power is lost, the motor-generator is automatically started and
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supplies power to the high pressure blower. When line power is restored the
motor-generator automatically shuts off. The emergency system is equipped
with an exercising unit so that the equipment can be exercised periodically.
This is a device for automatically turning the system on, allowing it to run
for a predetermined period of time, and automatically shutting the system
off. The number of exercise periods per week can be varied; Conductron

exercises the system at least twice each week.

In the winter it is necessary to take certain additional precautions to
insure that there not be an excessive build up of ice and snow. Due to the
spherical design of the radome, snow will not usually accumulate on the struc-
ture. However, in the case of wet snow, some accumulation might occur which
would cause a distortion of the radome surface. In order to prevent this, a
Shafconaire Model SC-350 horizontal oil-fired furnace which produces 350,000
btu per hour output has been installed. A picture of this furnace is shown
in Figure 3.4. The main furnace unit is 96 inches long by 39 inches wide by
32 inches high and it is mounted on an angle bracket skid approximately 8
inches high. Both the cold air return and the heater inlet duct are 28.5
inches by 36 inches. Warm air is forced into the radome by means of a 1 hp
blower motor. A 500 gallon underground oil tank has been provided to supply
fuel for the furnace which consumes approximately 3 gallons of fuel oil per
hour. Since the furnace is used primarily for ice and snow removal, the
amount of underground oil storage is adequate. If the furnace were to be
used to provide a warm working environment it would be advisable to install
a tank with greater capacity. The furnace is exhausted through a Transite
exhaust duct which is equipped with a draft-inducing fan to assist in

ventilation.

3.3 Radome Erection

The radome arrived at Conductron folded into a compact package for ship-
ment and ease of handling. A Birdair engineer, Mr. Charles Hoff, was present
to assist during the erection procedure. The erection took place on a rela-
fively calm day when the winds were less than 10 miles per hour. A crew of
seven men and a portable boom crane were necessary to complete the erection.
The entire operation was completed in less than U4 hours.

3-6
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The folded radome package was placed near the center of the radome pad
and the radome was unfolded toward the edges of the pad. A line was attached
from the overhead crane to an eye bolt in the crown plate of the radome. The
crane lifted the center of the radome off the pad to allow personnel access
to the underside of the radome to make the attachments between the radome pad
and the radome. As discussed in Section 3.1 above, the attachment is made by
bolting the radome material between an anchor plate set into the concrete curb-
ing and the channel clamp ring. The attachment hardware is shown in Drawing
#SK 1946 of Appendix A. The channel clamp ring is first put in place and the
nuts installed finger tight. The material was then straightened and smoothed
and the nuts tightened securely.

When all 16 channel clamp rings were in place the blower system was
turned on and the radome was slowly inflated. When power was first supplied
to the blower system the Low Pressure Warning Light came on. The switch for
Blower No. 1 was turned to the ON position and the switch for Blower No. 2
was turned to the AUTO ON position to provide maximum delivery of air for
inflation. As soon as the Low Pressure Warning Light went out, the switch on
Blower No. 2 was turned to the OFF position. This prevented over-pressuriza-
tion of the radome until the anchorage and attachments were secured. The
radome was then inspected for leaks and fabric alignment. The structure was

tight and no problems were encountered.

3.4  Electrical Evaluation

This section will present both the theoretical and experimental evalua-
tion of the radome. Particular attention has been given to the electrical
properties of the radome and their relative effects on the measurements of
large (22 foot diameter) segments of reflecting material. The theoretical
effort was devoted primarily to the discovery of factors which could cause
measurement error. The experimental effort was devoted to evaluating these
factors and establishing practical limitations on the type of measurements
which can be performed. In addition, attention has been given to using the
radome for housing a transmitting antenna. The results indicate that no

major problems will be encountered; however, an adequate evaluation of the
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radome for this purpose requires a different series of tests than those per-

formed under this program.

3.4.1 Reflection Coefficients

Prior to the purchase of the radome, reflection coefficients were calcu-
lated for two different radome samples (A & B) supplied by Birdair Structures,
Inc. of Buffalo, New York. Several experiments were conducted on these samples
at the Conductron Corporation Radar Range, to provide the information necessary
to compute the reflection coefficient. The 6 inch by 6 inch samples of flexible
radome material were attached to flat, relatively thick, slabs of polystyrene
foam (styrofoam). This was necessary to offer the support needed to maintain

the sample as true as possible for controlled test conditions.

The tape (Scotch Brand #810) used to attach the sample to the styrofoam
was applied very smoothly, and it would appear that the combination is accurately
modeled by two parallel dielectric sheets in air. A theoretical analysis of

the measurement program is shown below.

We will first assume that both materials are non-conducting. In this

case, Maxwell's equations may be written

vXE=—%:§ v .-D = 0
> 173z 2
vxH = =D v-B = 0

If the incident field is normal to the interfaces, the fields in all of the

regions in Figure 3.5 take the form

and

kx ~ikx
e )

k i
'1' (Ae - Al

where we assume that g = 1 for all materials.
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/ ¢
Z
Figure 3.5

Geometry for Analysis of Two Parallel Dielectric Sheets

Since the tangential components of T and H must be continuous across the
interfaces, Al’ B, Bl’ c, Cl and D can be found by solving the six independent

equations represented by

A B B, C c, D A
1 -1 -1 = -1
711 Y 721 /7y = ©
711 /71 W, o751 = 0
Vo0 Yoo Voo = 0
NVpp  TM/7pp Vgp = 0
ik.d ik.d ik.d
1% 2% 292
where kl = qlk, k2 = ﬂgk: 711 = © > Vpy = € > Vop = € , and
) elkd2
702 ‘
3410
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If we introduce r, = —— and r. = —

l+1’11 l+'q2

B4

2
{ (l+7 UM rz)‘*‘z(l"lE 1) (1+22r)}

_ 721 711
2
4 %
22 2 22
{wa+k L) -8 e G-shn) 0rF 5 |
721 721

The subscript on R indicates that the field strikes the material having propa-
gation constant kl first. When the layers are reversed so that the field strikes
material 2 first, the same formal result is true if the various parameters are

permuted appropriately. In particular as,

i o Yoy
Rpp= Ry 71— 711 = 22/710 71 > 751 = '12/71;

1

1
Yoo——> Yoo = 71p @4 7y > Y02 = o2
while

1 1
dy > 4 = dy - dy5 4 v dy = dys

as

M M 3 Y3

The reflection coefficient is now,
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y %
2 21 2 21
{}“1 Qo r) Q- rp) vy =7y 1) (B4 5 1) }
Top Vo0
Rop = 2 ;
> 21 2 o2
'{ np Lty x) (-5 x)+m, U-oqy ) (Tr 5 rei}
Y20 721

We note that the denominators of ng and R21 are the same and that the numerators
are just negative complex conjugates of each other. Therefore, the power reflec-
tion coefficient is independent of whether the sample or support faces the trans-

mitter if both are dielectrics.

If the measured values of ng and R2 are different, this must be attri-

1
buted to either experimental error or to non-zero conductivity.

Measurements were made on both samples A and B at 5.45 kme. Each sample

was .05 cm thick, while the supporting material was 2.5k cm thick.

From the experimental data:

A A 3 2
012 ‘— Ocond. ng »— 1.5% x 10 m
Sample A _
Uél = 0,0d Rgl = 2.44 x 10 3 m2
B B 3 2
612 = Ucond. R12 = 2.15 x 10 m
Sample B B B 3 2
021 = Gcond. R21 = 3.77 x 10 m

The cross section, o of a 6 inch x 6 inch plate is

cond.

2
Seond. =~ T2 A = 2.23m .

So, the reflection coefficients are bounded by,

0.69 x 1075 < R, < 1.09x 1073
0.96 x 1075 < Rg < 1.69x 1073
3-12
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The averages are

= -3
R, = 0.89 x 10
R, = l.32x 1073

The reflection coefficients ng or R21 have been evaluated at the experimental
frequency of 5.45 kmc and plotted in Figure 3.6 versus the index of refraction
of the samples A and B for several values of Tip, the refractive index of the

supporting material. According to VonHippel(l)

Ny, = 1.015.

We see that Sample A satisfies the experimental data if

1055 < vy < 1535

and similarly for Sample B

1.512 < < 1.628

B
T

Corresponding to RA and RB we have

-A
M1

1.500

-B
M1

I

1.575

The reflection coefficient of the NASA radome material is easily obtained now
that we know its dielectric constant. According to Stratton(e), the reflection

coefficient of a dielectric sheet in the air is,

(1) VonHippel, A., "Dielectric Materials and Applications™, pp. 337.

(2) Stratton, J.A., "Electromagnetic Theory", McGraw-Hill Publications,
pp- 51bL.
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Figure 3.6 Reflection Coefficients of a 2-Layer Dielectric Sandwich
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2 .2
Lr™ gin (ny kdl)
R(\) = " X br
radome 1 - rg)c + Wr® sin® (ql kdl)

sin® (qlkd)

where
ITm
1+ N

Since the values for M determined graphically are only valid at the experi-

mental frequency, R(\) will only give the general character of the

radome

reflection coefficient as a function of frequency. We will evaluate R, =

from the above (Figure 3.7) for frequencies near the experimental frequency
of 5.45 kme. Note the agreement of R(x)radome with Rz—layer in the limiting
case where 7, = 1.00.

We see that depending on the nature of the difference between ng and

R2l’ that the reflection coefficient of the radome materials at 5.45 kmc are,

1.0x 1072 < & < 1.5 x 1073
— “radome —

and

13x10° < R, < 2.35 x 107
or

_iadome = 1.25x 10—3
and

—Eadome 1.1 x 10?3

Using the above reflection coefficients, ﬁA and ﬁB, we find that the radar

cross section of a radome 60 feet in diameter is

o = Rxa = 262.6R n
radome

3.3 x lO"l m2 For Sample A

4.6 x 107 m® For Sample B
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Figure 3.7 Radome Reflection Coefficient Vs. Frequency
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The effect on the 2-layer reflection coefficient of assuming that one or
both dielectrics have a very slight conductivity can most easily be seen by
allowing Ul and o to be complex in our expressions for Rl

and R2 and expand-

2 1
ing around the real part. The complex part of polystyrene foam is small

n, = 1.015 +1 107

and can in fact be ignored since it cannot account for the observed A R.

If we set o= L5+ lni and solve for qi, we find that the observed

A R requires nj = 1072 ] -

Even that value of n!' cannot greatly effect the radome reflection co-

11

1

efficient which must still lie between the bounds determined earlier, i.e.,
107 < R, < Lhx107

and

3

1.5x10° < R, < 2.2 x10°.

B
3.%.2 Analysis of Radome - Target Interaction Effects

1t is clear that in addition to primary reflections from the radome
surface, any reflection data obtained on the segment material might be
affected by interactions between the radome and the target. 1In order to
evaluate the extent to which such interactions might affect the measurement
data, a theoretical analysis was performed and the results are described
below. The analysis was concerned with two separate phenomena; first,
assuming that a target inside the radome is illuminated with a plane wave,
it is necessary to determine the extent to which the far field reflection
pattern is distorted by the radome; and second, the effect of multiple
reflections must be minimized by correct placement of the target in the
radome.
3.4.2.1 High-Frequency Scattering from a Conducting

Sphere Surrounded by a Thin-Wall Radome
It is first necessary to investigate the radar cross section distortions

produced by a large and spherical thin-wall radome surrounding a perfectly con-
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ducting target. In considering this problem it is convenient to confine atten-
tion to the specular backscatter generated by a plane electromagnetic wave
incident upon the system. 1In particular, we shall consider the problem of
scattering by a perfectly conducting sphere placed at the center of the spheri-
cal dielectric housing or radome. Since all boundary surfaces are now con-
centric spheres, the exact Mie series can be obtained in straight-forward
fashion and the high-frequency fields can be evaluated by standard analytical

techniques.
Specifying the problem, we have a plane electromagnetic wave

—-iwt + ikz

= ~ 1/2
E = xe ;s k=ow (eo uo)

(3.1)
incident upon a perfectly conducting sphere with radius ¢ covered by two
concentric layers. The outer layer consists of a dielectric with relative
electric permittivity e and with relative magnetic permeability p = 1. The
inside radius of this layer will be denoted by b, its outside radius by a,
and its thickness by & = a-b. 1In general, the products kd and k16, where
kl - ek is the propagation constant within the dielectric, will be assumed
much smaller than unity. The outer layer, then, represents the thin-wall
radome. The inner layer extending from radius c¢ to radius b consists of
free space. We shall take the free-space constants €, and Mo to be equal
to unity. Ordinarily, the inner free-space layer is thick so that k(b-c)
is much larger than one; however, we have no need to use this fact in the

calculations.

‘We shall consider in turn the magnetic field on the surface of the
conducting sphere at the backscattering specular point and the far-zone
electric field scattered in the back direction. In both cases the exact
Mie series are represented as contour integrals by means of the Watson

transform technique. The contour integrals are evaluated asymptotically

under the following conditions
ke, kb > 1,

kb, k& << 1
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to yield the first two terms in the asymptotic series corresponding to a
Luneberg-Kline expansion. The creeping wave or diffracted field contribution

is not obtained.

Before investigating the exact Mie series represeﬁfations it is useful
to obtain the geometrical-optics fields by means of ray-tracing. This is
easily done and the result will act as both a check and a guideline for the
complicated expansions to follow.

GEOMETRICAL-OPTICS

In the geometrical-optics approximation, the effect of the radome wall is
most conveniently represented in terms of transmission and reflection coeffi-
cients, these coefficients being calculated by replacing the curved surface of
the radome by a plane sheet. For a thin wall and normal incidence, the ampli-
tude reflection and transmission coefficients for the electric and magnetic

fields are given by

Ry= - Rp= (e—l + 0 (k8)°
T, = Tp = 1—§i—(e—1)+o(k5)

In all of our calculations we shall keep only the first order in k& and hence

(3-2)

only the first order in the reflection coefficient.
At the specular point (x=o0, y=0, z= -c) on the surface of the metal sphere,

the magnetic field is, by geometrical optics,

surf -ike
H =2T, e + 2 TH RH (

s : )e—ikc eEik(b—c)

b
5 ; (3-3)

where the second term corresponds to a double bounce in the free-space layer.
Higher order multiple bounces introduce higher powers of the reflection coeffi-

cient and are neglected. Introducing (3.2) into (3.3) we have explicitly

H}S,urf = pe ike { [ 1 -3 ( 1)} kg (e-1) <3b 2C> 2ik(b-c) } (3.4)

Similarly, the far backscattered electric field in the optics approxi-

mation is

3-19




(3.5)

o T RE< b >eik(r—2c) [2ik(b-c)

2y 2b-c

or, in explicit form, we have

Ebs _ %; eik(r—Ec).{ [ 1 - 2 kd (e 1) J + _{ (e-1) eg_c:¥2ik(b—c)
(3.6)

o

+ %; (e-1) (%)e_Eik(b_c)}-.

Equations (3.4) and (3.6) represent the expected first order terms in a Luneberg-
Kline expansion. To obtain higher order terms we turn to the exact Mie series

representation.

FIELD ON THE CONDUCTING SPHERE
After much algebra the electromagnetic field on the surface of the con-

ducting sphere is found to be

_ k4 sin .n 2 ntl _;_ 3 -1 1 1
T T

6~ ike n(n+l) o
L cosgp n 2 n+l 1 1 1 9 1
H@ -~ 7 Tike EZ n(n+l) .{ T sine b’ 55'}'Pn (coso), (3-7)
] %n n
b o pt (cosB)
E, = - —% " entl) B—m
r b
(kc n
where
2
o~ C ) C o) C' 7
NN [ < n
a) = h;7"(ka) J: 3553 (a) o é—-T(k RGN -
oC ) .
1(]‘) n 1
- hn (ka) W C r—; Cn }
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and where bé is obtained from a' by replacing C! with BCA/B(kc) and by inter-
changing ¢ and . In the above

c = h(i)(kla) h(ﬁ)(klb) - h(i)(klb) h(i)(kla),
(3-9)
¢ = ) 1@ ke) - 1 ke) 1P wp),
It 11 Il Il n
and the spherical Hankel functions are given by

R CIREN =7 IO

with v = n + 1/2.

Setting a = b + & we now expand those Hankel functions which are functions

of ka or kla into Taylor series, thus e.g.
B @ @) 2 s ) + ) M Ey +
and we find, by making use of the Wronskian relation

a1 (@) Q@) gy

that
dC 3 cC

o n _ n_ -
Cn =2i (kla)’ISZEIETv = ETEIE7 = 2i,

3¢
n
(550 9 (kja)

= 2i (k;) [ 1 - n(otl) } .

(1;b)?

Terms of order (k18)2 have been neglected. Employing the immediately preceding
equations and recalling that u = 1, we find that aé and bﬁ take the form
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- u ()
al = b n'(ke) At

(3.10)
bl =k hﬁ(l)(kc) B!,
where
15 h(i)(kb)
Ar=1- g7 (1) —gy— C)
b (ke) (3.11)
| . hé(l)(kb) % ¢ s L h(i)(kb) 3, n(m1)
Bl =1 - 37 (e-1) O COR D -3 (D ey 306 (2

At the backscattering specular point, 6 = x and

! 3pt
n_»_(_)ngle) .
R 2 ’

Pa L n(n+1)
sind 2 ?

hence at this point the only non-zero component of the electromagnetic field

is

LN e S ;
fy = - 5k géi(—l) (2n+l)'{ i 00 (k) a ' bt ke) B }'.

(3.12)

To effect a high-frequency asymptotic evaluation, we convert the summation

over n into a contour integral: define

£(v) = 1 L 3.13
) i h(i)(kc) Al ' b () (ke) B! (3-13)

with v = n + 1/2, then

b1t |21
! 1 1 -i % dvv i T2
Hy = ke {z £ (3 +e f—— e f<v>} . (3.18)
c
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The contour C, which encircles the positive real axis in a clockwise fashion,
can be deformed into the path C' passing from the fourth quadrant through the
origin to the second quadrant. Any poles of the integrand which are captured
by this contour deformation contribute to the diffracted field and are not of

interest here.

It is an easy matter to show that the factor Aﬁ in the denominator in

(3.13) has no zeros on the real v axis. From (3.11),

h (l)(kb)

A’ (e 1) C
n h (lj(kc)
where

h(i)(kb) h(i)(kc) - h(i)(kc) h(i)(kb)

= 21 (j (ke) y (kb) - 3 (kb) y_(ke)}

Thus C' is pure imaginary for real n. In order for A’ to be zero, the ratio
/1

\Kb)/n(1)(kc) must theretore be real, so we must have

(1)<kb) i (ke) y (kb) - J_(kb) y (ke) ~ 6
W i 3p (<) * 55 (k) |

But if this is true, then Cé is zero. Therefore Aﬁ has no zeros on the real
v axis. Similar, but more complicated, considerations apply to BA. Thus on
the real v axis the integrand in (3.14) possesses poles only at the zeros of

cOs vx.

The line integral over C' can be evaluated asymptotically at the
stationary point v = 0 following the technique of Scott(3). Using the

asymptotic approximations (x being large)

(3) Scott, J. M. C., A.E.C. Research Est. Rpt. T/M 30 (1949).
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. 2 .
ivn iv 1t

h(i)(x) ~exp <}x -t 5= - 7%

{2-4
X

2
lvx lV i v
"‘eXP <—1X + — 2 - —— + >{ g— —E

following expansion for f(v)

h(3) ()

we obtain the

exp <}1kc + 1£n - 1v

f(v) ~ 2kc

=l

ot

kd 1 . ive 1v
57 (1= Q) exp <‘1k° *E T ke

D)

1 k6

-+
H

>'{2 * T lg(kc)é} '{

(e -1) }

iy iv2 1 3 in i 1 3
+ i (€ l) exp |:lk(2b"'3C) + T + —k—' <~5 - z‘ + r} {2— —2—12 <B- - EC—>

(1- z

+ﬂ__w___l@
6k3 1 21

2
{or)
(kb)*
We also note the exact identity

£(3 Ly o ogtke {é + %? (e-1) [egik(b“c)—l} }a

€) exp [1k(2b 3c) + 315 + i%—

313 , in|
b 2c 2 J

(3.15)

(3.16)

When (3.15) is substituted into (3.14%) the resulting line integral is of

the form considered by Scott

(%)

The combination of the asymptotic expression

for the line integral and the term involving £(1/2) in the expression (3.1k)

gives the Luneberg-Kline contribution to the surface field.

We obtain

(&)

Scott, Ibid.
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2
surf ~ike kd 1 1, ¢
Hy ~ 2e {[l——é;(e )J—mz —-é-) 'b—g}
. 3 5.3
5, 1k(2b-3c) (e 1)< b > s L K6 [ 3b3_2c ]
- EYNIGYN _—v—— T €—l) ]l -
21 3b-2¢ 3ike 2i (3b—20)3
2 2
1 k& ,. 1,c /v N\ o
Tiem WU B ) [ (3.11)

One verifies that the first order term in this expansion agrees with the

geometrical-optics expression given in (3.4).

THE BACKSCATTERED FIELD
! The asymptotic expansion of the backscattered field can be obtained in a
fashion analogous with that presented above. One finds that the far back-

| scattered field may be written in the form

ikr & i(a, -B)
b
Exszeikrz( (“+)L(A)LTB)
i (3.18)
B K By = By + " dyy i (A-B)
T 7 2kr Ll(AO) Ll(BO) / cosvx LV(A) LV(B)
2 2 ¢
where
L(a) = b ka) & - 0t ) (3.19)
(5)

and similarly for Lv(Bn)' The coefficients An and Bn are given by Bowman
in connection with the problem of a doubly absorber-coated sphere. For appli-
cation to the problem at hand, we simply state that one finds, again after much

manipulation, the following expansion to first order in (kd)

(5) Bowman, J. J., Conductron Memorandum D0O620-177-M, 24 September 1963.
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: 1 ac! aC' 3 ¢!
L(A)L S ey 5@ (e LR (e ”[Stﬂb S SREY - §<—7}

£ [ h(l)(kb) h’m(kb) ¢ J )
+ == (e-1 —?—7——-* C,t 20
21 \€T (ke) h'(l)(kc) d(kb) o(ke) 3

L6 0 L n() [h%)(kb) G %25

2i € (kb)2 hé(l)(kc) d(ke) ) ;; o(ke)

where C! is defined in Equation (3.9).

To evaluate the line integral in (3.18) asymptotically at the stationary

point v = O we require the following expansion

A-B -2ike + i
L (AY L (B ~ € . 1VTY{}, (3'21)
v v

where

{} - P <_ 11%2) { [l * mi‘C i 12211::3] [1—2 g(e—l)} ) % - %) [(;j)g } }
+ exp {—Eik(b—c) - %%EJ {g% (e-1) [l + Mib - 1ZZ:b)3J - %% (1 - %) [(;:>2J:}
+ exp [21k(b o)+ 2 < ——H{ (e-1) [l-n%@“@*i_;:_g <§3‘§3> }

- Baoh [(kjg J } . (3.22)
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A -B . i
GG - Fee { [1'2 5 (e-1) |+ 2 3 (e-1) cos 2k(b-c) } '
0'Ly s 0

L2

(3.23)

When (3.21) and (3.22) and substituted into (3.18) the resulting line
integral is again of the form considered by Scott(6). The combination of the
asymptotic expression for the line integral and the term given by (3.23) in
the expression (3.18) yields the Luneberg-Kline contribution to the back-

scattered field, namely

. 1 >
bs ¢ _ik(r-2c) < Rt > [ k& 1 kd 1, ¢
b ~ "% ® '{ L+ i) 225 (V)| - qmar -9 2

b _ik(r-2b) (. 1 >.5§ 1 kb 1
~or © '{ 1+ 595/ 55 1) - e o (L7 )

e Gik(rezbobe) [KS gy by, 2 KD gy 12’ -cd ]
e = (e-1)(mz—=) + 5= 57 (e-1) {1 - 1 — |
2r (21 2b-c 3ike 2i L Iy (2b—c)j i
2 2
1 kb 1, c b
“Sike o L) 2 <éb—c> }' (3-24)

The first order term in this expansion agrees with the geometrical-optics
expression given in (3.6).
The dominant contribution to the backscattered field arises, of course,

from the term

¢ _ik(r-2c)
- ==
or

corresponding to specular reflection from the conducting sphere. The next

impbrtant contributor to the geometrical-optics field arises from

(6) Scott, Ibid.
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o ik(r-2b)
2r 21

(e-1) e

corresponding to reflection from the radome itself. This term is small com-

pared to the leading term provided

kd(e-1) g << 1.

3.4.2.2 Target Location

Since no radome material exists which will transmit all frequencies of
interest with 100 per cent efficiency, it is necessary to locate the segment
where the smallest amount of multiply-reflected energy returns to the radar.
To determine this location, considerations were given to the key factors

shown below.

A. Scattering from the Edges of the Balloon and Mounting Structure

Even though the termination is designed to minimize backscattering, the
relatively small radius of curvature here will tend to scatter energy off the
roof and floor of the radome. This can be minimized by locating the segment
half way between the top and bottom of the radome. The return from this con-

tribution will be approximately,

i a2 R

o}
g, ~ R

1 b2 a
where 2 RO is the diameter of the balloon segment 2 RO ~ 22 feet, a is the

radius of curvature of the termination, d is distance from termination to

radome and R is reflection coefficient of radome.

B. Standing Waves Set up Between Parallel Surfaces

If the segment is located incorrectly it is possible for the surfaces to
be parallel and perpendicular to the line joining them. If so, a standing
wave will be set up between the surfaces which will be fed by almost any direct

source of scattering in the neighborhood.
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. 2 2 2
Equation of Radome: RR = Xg + Yp
Normal: N, = R/R, X+ WR/R, ¥
: R = R/Rg Rx
Equation of Segment: RS - (X, - X )2 + (Y, - Y )2
) B B 1 B 1
Normal: Ny = (X5 - Xl)/(RB X+ (Y, - Yl)/RB Y

A line passing through the center of curvature of the segment will intersect

both segment and radome normally only if it passes through the radome center.

tan @_ = Yl/Xl (Condition II)

B

The condition in Section A requires (Xl, Yl) to be high enough that the lower

edge of the segment is approximately at radome center. The above condition II

and condition I can be satisfied if the segment is moved forward from the center

of the radome but not if the segment is moved backward.

C. Focusing

There are two important foci of the radome. The first is due to the
reflection of energy off the rear of the radome. This energy will be focused
near (Y = 0, X = 1/2 RR). The second focus is at the center of the radome.
Scattering from any small discontinuity in the radome or from an object at

the center of the radome will be focused here.

If the segment is located at the center or towards the rear, the lower

edge of the termination will be in or near one or the other of these foci.

D. Backscattering
The condition required for backscattering is that the ray deflected from
the balloon surface at an angle 2 ¢B be reflected normally from the radome

surface. This occurs when

Ry sin ¢B + X, sin 2¢B - Y, cos 2¢B =0
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¢B is limited by the size of the segment
SB 22!

(0]
R = g7 = 0.163 rad = 9.32

¢B - 180 =
In the worst cases ¢B = 180 £ 9.32

+ .162 (67.5) % X, (.320) - Yy (.950) = 0

and

14+

Y, = % 11.5 T .336 Xq

1 6.3" (If segment is 15' forward)

I+

12.3" (If segment is at center)

i+

18.3" (If segment is 15' back)

In order to avoid backscattering of this type, the center of the balloon seg-

ment must be higher than the maximum values given above at each location.

Within conditions I, II, and I1I, we see that only in the forward posi-

tion where Y1 ~ 9.5'" can condition IV be satisfied.

NOTE: at center position Yl ~ 117

at rear position Yl ~ 10!

At the position XB = ~10' (10 feet forward) Yl must be greater than 8.0' to
satisfy (IV) at this position, (I) requires Y, = 10.5'.

3.4.3 Measurement Considerations

In a CW measurement system of the type which Conductron uses, background
contributions can be a serious problem. If an unbalanced system is used, the
amplitude of the reflected wave must be sufficiently below the amplitude of
the wave scattered from the target to preclude errors due to phase additions
and subtractions. If, on the other hand, a balanced system is used, we are
less concerned with the background and much more concerned with extent to

which the background is modified by the placement of the target in the field.

The results of the theoretical analyses shown above indicate that the

level of energy backscattered directly from the radome should be well below
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that of the usual target measured inside the radome. However, when the
target is located in the equatorial plane of the radome, three specular
sources, the near and far side of the radome plus the target, contribute
to the backscattered field. When no target is in the radome the field
comes primarily from the front and rear specular points of the radome.
This field is designated:

E . =Eefl+ Ee'?2
When the CW radar bridge is balanced this involves the introduction of signal
into the detector such that:

_p i if, g oif g P
Edetected = Ele 1+ E2e 2 Ele 1 Eee 2 =20

Thus when a target is placed in the radome the detected signal becomes:

- el g, _p 1P _ g 18 ig, _ g 17

Edetected = Ele 1+ E2e 2 Ele 1 E2e 2 + E33 3 = E3e 3.
However, when a target large enough to completely shield the rear specular
zone is measured, the detected signal is:

- P2 _p 7
Edetected - B3e 3 EEe 2
. 2 1 2 ; .

Since |E,|“~ 5 |E{|” the measured cross section of a target placed in the
radome's equatorial plane is,
1 1/2
50 N (otcr) cos (¢3 - ¢2).

o] x O +
meas. target radome

The phase, ¢3

target and the back wall and it can be seen that if g is much greater than

- ¢2 = 2k f, varies as a function of the distance between the

0.02 gps @ noticeable error could result. This error can be eliminated by
moving the target up in the radome. The target must be located sufficiently
above the equatorial plane so that the shadow area which is caused by the

placement of the target in the field is not a significant contributor to the
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radar cross section of the radome. As noted above, o, is of the order of

0.5 m2. For the segments ¢, is of the order of 1200 m2 and thus no notice-

t
able errors should be introduced by shadowing the back wall.

Except as noted above, the radome-target multipath contributions are

approximately,

cmultipath ~ R 0target

where R (r 2 x 10_3) is the radome reflection coefficient. These contributions
can be safely ignored for the large backscattered echo area targets usually

measured inside the radome.

The above considerations eliminate the necessity of further considering
the multipath errors caused by the general range geometry. After the radome
is eliminated as a significant source of backscattered energy, the problem
reduces to one of the same type as has previously been considered in other
phases of this program. One might point out that the radome, being spherical
in shape, is an isotropic scatterer and thus the fresnel zone on the ground
will be illuminated with energy which is of the same intensity as the primary
wave. It can be shown, however, that the pattern of the receiving antenna is
such that the energy from the fresnel zone is not received in the area of a
pattern maximum. Even if this were not the case, and the waves were of equal
amplitude at the receiving antenna, the magnitude of the radome reflection
coefficient is such that the resultant effective echo area would still be less

2 .
than 1m, and thus of no importance to segment measurements.

3.4.4 Experimental Evaluation

In addition to the above described analytical evaluations,the radome
was evaluated experimentally. A series of measurements were performed in the
X- and C-band microwave frequency regions on several different spheres and
flat plates to determine if their reflection patterns or echo areas were

changed by placement in the radome.

For radar cross section measurements, Conductron generally uses a CW

measurement technique. For this project a bistatic system with B < 30 was
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used and Figure 3.9 is a representative block diagram of such a system. In
general, the measurement system consists of a microwave network used in con-
junction with a Scientific-Atlanta series 402B Wide Range Receiver and a
Scientific—Atlanta model APR-23 linear-logarithmic rectangular recorder. The
output data were provided in rectangular analog recordings of backscattered
power versus azimuth rotation angle. The recorder specifications include
accuracies of * 0.25 db in power and * O.O5O in azimuth angle, and a linearity

of 0.5 db over the full 40 db dynamic range.

The microwave network consists of a frequency source, an antenna, and
the necessary microwave components and transmission lines. For this project
the frequency sources used were phase-stabilized klystron oscillators having
output powers of greater than 0.5 watt. Linearly polarized parabolic reflector
antennas were used as the radiation sources and were mounted in such a way
that the electric vector could be oriented at any angle. A Scientific-Atlanta
Model PP-13 polarization positioner, having an angular accuracy of O.O5O, was

used for this purpose.

The first step in the measurement procedure was to place an azimuth
positioner in the correct spot and make sure that the turntable was perfectly
level. When this was accomplished, 'a Dylite support column was set in place.
The column was rotated and a K & E model KE-1E theodolite was used to assure
that the column was centered and level. The composite background return,
including reflections from the model support structure as well as from the
radome and the general range, was cancelled in a balancing network. The
model was then placed on the support column and the theodolite was used to
minimize position error. The model was then rotated 360O in azimuth and the
backscattered power plotted as a function of rotation angle. After the
measurement was completed the model was removed from the column and a check
made to assure that the background level had not changed. 1In cases where

the background level had changed, the data was discarded.

Figures 3.10 through 3.22 are typical of the measurement data which was
obtained. The information in the data box of each pattern will serve to

identify the pattern. It will be seen that four separate targets were

3-3k




Eoporation

Concluctro/n/gf

BUUDUY
SutaTaday

pUU3UY

Burjjrusueay ‘wl

wa3sAg juswaansesl M) OT3e3sTg TeotdA] yo wexBerq MooTd

2
W

6°¢ aandtJ
I3AT3009Y " A3pI0D3Y
pueqapIM uxajjed
TIXTH
Te3sdx)
29], | Z0jeNnuajly A Jaung,
PTIq4AH PO EIRERE| sueTd H-3
peo]
v 08
.HNHQﬁOU Jojenua
TeUOT3I3II(] 3 Sadd J933TUISURL],
a 0z UOTSTO8I]

3-35



wore vinviLY Dw Viwriv-SLmoe 1 on suvws HELE : :
B[] TTTLket B0 T80 T! |
), ¥2 .8l o8l [
y ! i1 | L
v o - it |
” 1l ! il
W NN ” ak ? ]
) - ,
\ I
| i
w ; -
, N
7 \ 7
I ! i
| , .
- o |
_ 4 w” ol TN
A = M , , =
! m I |
3. 3 N SN T
g =] = i ] |
g i i i /| i
: ! [ 2 | i , i
s L [ 1
A paa T [
il BILTANIL K 7 *
Wk ” 3l il !
m Tl ‘ HNENE
f I 7 i |
; i
H _ !
J . ,
H J  sxeuds .cef vorawaqrTe ! S
] @de1a 3013 mﬁ T STPPOH
h *33 09T :eBuey ]
r 3x0A tuoTiezTAETOZ |
| 00€T :4ouenbaxy
_ﬁ L£99 wra3zjed
ﬁ ot eamBry

3-36




ton

7muaf

>

ConJucbD/n%Co

NS VANYIY DN VENVY -DdlNDI8 S8 0N JuvHD

FIONY 188 ‘o Lwvio

il N Sl
2L e T o] b g
s 44 T# ¥ N
M M T HE Txfw HH HH HHHH
I L | I L Tyf HHH T fff
i | AL !
i i m x ;! j£ M. il iw ZL , B _.vwmu T lL T-r%_
T T B % i m MLt Lt
i I : RESCLiL A A LAY
| e 1 Al afiingss i)
«, L P L T W N I
| e Vi , il
r ALY A -J T %_
L % I I iie
= =1 i kil | R AT TR AR aaaar
a5 g [T T bkl T
N T i 1 R LT A CRASRRRS RRRR
u_ TN i ﬁ ,,
= j BT LT ¢

3-37



5m® VANYILY DINI VARV LY DAALNEROS 1X1 ON AMYHD TIONY 184 0N LEVHD e m obi viowo

3 v 0 K7 K33 9€ 24 80 &Y .08
) el Z)| 19 X 2\ Cll VT ot

w m o L ob o 's 3
. 9 AR — 9

3-38

o~
MOdFAANIY I3
1
-
(ap)-AY M—AND-Y MOd} ALY 1Y

ap)-AYM-3IN!
==
o

-

nasEnaEsaRusnAIn AN

a auou 0TIRIGTTED
oqeqd ol ‘B8 " T Bolol]
«33 0]T soBued

ZI0H suofeZTXETOd
T sAMenboII

| wQegs ureddrd
| arre exmBrd

o —e———

! ! '8




Luﬂ_.uuhrﬁn eﬁ.v 151w 4 m.m_v s = Jo.w._u. . : i ¢u e
, ¥2 81 2} 48}, 0
L] b 3 ixlir<_m. | 23
u y ﬁ
i ‘ g NS SRRPEEET Lﬁ\ AN qxﬁ L)
L:; . | [ ] AN _ 1 L4 -JTITI\TIT { ]
i | i
+
[A—-. 14 y 4 .l _ =0 B! Tr*v‘ _ A VV j}fi T!TI
i | e O i
|
it e ! e e A O
T ] I iE] L ]
] \ _ I i
I N N I
1 LTI / G i LN T
i AN T AWkt
ST AR iy L
11 _ LJL m 4] E W HW -1 - ﬁlﬁ
m 11 « L et
. ~ RPN EARAR Ui it ]
BUOU  SUOTIRAQY
8301y 30Td *bg 33 2 ,MWH” ] _ﬁ%f _: 1 h ;
33 0gT  reBupy i L 110
ZI0H uoTIeRTIETOg 4 H * w 1
¥ tAouanbaxg er _ |} _ | {
et i T ]
crcomms [T i sl T

3-39




FIONY 1xs "ON LuYHD raw

WOmp VANVLLY “ONI VANVILY -DIJUMEIDS §E1 0N LUVKD
T v K T _
v 8l | E{l L b L

S

vl
K7

—1
T
T
===
1
—
1
=
i
Il
E=

EE
==
-
Efj_E
EE

===
R

EEEE S
- :E,_ =
if :
——}
e

s

E=

a=

g

=&
e
=

%

5

S=S=S

3-40

_,i;

-

S
==
==
E=

faAu EECR !
ﬁj%
EEE=

=

E=

it
e

%’ -

ES

@®.
[-gp)-AYM NO-43MOd
—1 ]
(qp)-AYM-3NO-Y IMOd]FALLY 13

| R

T T 3 AL IRAIIL ‘ i LBtsaaniLy
e AN SRR b
it i g i |
u i At QA A
R s i A i T

C %HSMAHHMW _M__ \Ii+ i **$++I+* +i+

n\.,| nreg 83T | AI|I+ 0 _y xI




F1ONY ¥1 ‘oM LuviD

038 VaNvyu YUY -DidlNEIDe
- prmpet

Leel ]

TALY 38
IALVIAY

3-41

VA SN
Id
1Y
VM-INC-HIM

Y

"
9p)

LT

i.lum e —

23e1d 3BTJ *bg ‘33 T :repoN

X5 0gT  teBuey

ﬂ
|
QuON  UOTIRAGETRY _l | SERENE A g ][ NN L g
h /
|
|

3Tap  iuOTIEZIIETOg

NEL*T :Aousnbazy

uESQS ureljeg

ST*E  amiyg

| o




viou

m_, _ * H-ﬂ.ax LMYHT c::
Jui oM suvK> m I ,tW a“
] i ﬁ lghm;_b , T 1y
; O il I
il
- #. fL e : i
dERETN ”4 ,
AERENE M iv ?
i 7 9 T,
«_ﬁ{v% _w_ u‘, i - i : LI,,,I i ﬁ'WIW_ﬂ
L T C W.t ; , , i , 4 .44
;ﬂTﬂ auﬁ* e 4<4W_ﬁ'ﬁ_ - ,rcw,
A T I s
\ il Ww ﬂ_ I‘_ ! ﬁxﬁ T @ : 4“ i
Al T 1L S
i E e :.fi T TS
T T R saRI ARy innamn?
2 \1 Pipibied | - 7
* .Iv T P T TN
I ;;tﬂ i, izﬁbw
LA A R ot A g
T O _ | [T
1 **‘ A, IARIRRAL fiqsz +ﬁl+_ E;ﬂ+ﬁ‘gyt_ ;;H&flw
- 1 H FHTTTT ] v H
suou syorzexqrred || iquv i_ﬁ w :, I # i “ NIEREEER EREEE
T o e [P TN ] T
e i T P L
WOSES uXeIIRY _ Wi
91°f eandrg T

3-L2



=

VT il .wm .N o
f
)
_
'
I I
A
|
i i
44 I i X
it ] cm | m 1T "
o - ]
| ™
I £ 1
: o3 Vi
k3 o2 H
€ $

e

A )

__+_..ulﬂrhﬂuar.ul

} auot  tUOYIVAQTTND
©e3wrd I bR AT 2 ITepON

*33 09T toBumy
ZIOH uOTIeFIIVTOL
LT baxy

sporation

— &1 1

o |
(-

HTEQS aa0I38d
L1°t eamBig

chudm/A(co




191N LUYHD wao i avnn viouc

1,80 | LFvL 1,08
f s

8l | R 0

o' 3

P T _._E.a
ST vl (80
€ Xz 81
4 P

o Jo]

|
|
,
,
|

.
—

134
L

r3ALLY

IMOd
<

NO-¥IM

1\__
\ i

VHING ¥

)
)

(ap,
(ap;

auoU  HOTI3RIQTTED l%wy
a3e1d 1e1d *bs *33 2 TRPOK | .
*33 ogT oBuey | |||

*3I8A UOTIRZTIRTOJ

NEL°T :douanbery |

¥esgs uraiied

gr*€ oeandrg | il

3Lk




3-45

on

[/

IPOI'a

Conalucfro/n%CO

IR0 VINVILY A\uw\.i;l(.ti.u-‘“»l! . : 4 . TON AMYMD N AN VIR
ME U ; ! T T ! AN «__ L“._ \ d A e
f%,i‘ W w - ? 4 ﬂ‘ -1 I ,ﬁ
R . Y !
L‘ %x\!i :4 N _‘! ARRARN Y ‘.Lﬂ_m*x RENEEEEE AN P ﬁv 3 !uTIﬁ i
T 1N ] i Y i
i T ERNEARNEE
e I T T
: I AT O
| f : ] Rt A e et
1 | E] Vi
] _ : R AR ARARRLRA T
W 3 g ilFl
I : At
iij, m 1 “ _U P ]
&/ [T
§R M 7
= = - Jﬁ 1 17 T T
Byoyds (SR YT  UOTIRI 1 A ~+ “
_Z, ”s_ﬂE!uz "H_Hz T [ .A [ .Li T M _ # i |
9 ogr todury [T W _ @
ey ruoieziIRveg 2 _ 1] TTT [ T
¥EL°T :kouanha, d
; .H_,_mom Epﬁ“ ‘ il ﬁ 1] T ~
i 6Y°€ axufy3 i ﬂ‘ I TIT _ ﬁ |
L i T SERNRRBAAERRNRANARRRY 0l I




1 -
|
o visewy N1 VANVILY-SUUNE2E s -on suvH3 JTONY. p—— cve g e we
o oL o TIm | 3 A A
A2 81 KA 9 ) L] o Al 8 o7,
i X i E; T ] ol T e FRACIRNEANY ! !
g a ,
'y
i i B ¥ 1N LAEaE W i
! 1L | B! Y
F | ] : | \ ! i
! BNAEY JRESAE ARARSS )
| o bl [ ah P
£ 1l T L | | | | N
L 1l AR , | 1 :
| 11y
i i R \
9! : 8 T
| ,, {
¥ - , | ] ! i | 2 x i
i |
[ | [
Wi T ! it e
< . _
m | m
M f T 7] €T 0
| Rl N il | =
11z ] | | B i | i T ]
0 [ :, ] [ B AIE | RN | o o
g2 | ! ! [ | v i [ Ak
: i =
= i il L | [ ALE
L e | =
(=% H a
< Lt B ] =
M 7 , ; T o
2 1 L | 4
141 W _
Hm | : Ty
- T N |
azayds WS8°TT 1uoTIRIGFTED o

punox@yoed  TPOR
. 33 ogT oBuey
ZIOHR 1u0FIBZFIETO
¥ ELT souenbaid \ 4
TT yetgy uxeRIRd

ogrg omMIKL

o e 'l




VAW DR VAN Y e 18 ON Juved j ..J " w‘._:; . 0 7 l 191 SN LNVHD . 1 a0 W . . . - - vini
% b Sn i 1 1 - 5
Yz | ERAS kL , : A ) vz
1 el S | T e m T B
i
|1 ANEEEN HE NN £ : A

Hrt I T T L i TTTTTTr " T [T B T T u
Il Il R 1L i ] IHN

EEEES wn At A - 4 R

b A4 = A

:
I
=
s s s e
=

VM-3NOEIMO[ FAILY
—
——T
—
1
1=
_‘?_ﬂ
——
N

Y
i

{GpIAVM- NO—HgM +tAALLY-IIY:
T
-
J’ﬁ
{

A\

T

S Y O iy g Y
) ) -]

H
3

asmdl Wo°F IIOTIBIQTTRD
pungaterey  $TOpoN

< Pagogy  eduey

- ¢y WNOH. JUCTRERIRIOL |

-
{
]

[
-
[—

-

=

3-47



e vENYALY "IN ViNVALY-DIAANNIDE 12 jpu 2uvms 319NV e a1 ‘om sy - T eoin
r Mo, ™ ov X T T o_ r T QA ST o_N T v
ST i &mwf L; x# e [ ﬂm\f‘x“[#‘;‘ f _ T w ] = x;u
LM S FHH S ¢l L] ﬁ
il I T ] i
i RN ARV iIN i AR A i T SR/ AARRRRAPES

T
=
=
===
—
-~

i

=
==

=

C

L
i ,+_ | s A $$$+@ i
i v e e R e AL
ot g P A L A
e 10 AR o R
i st RN ) AR Y R SRS AL
i e R L U S AR
e e L PR R e A A A Rt
R T T
R e EL e
A R
e S e Mg B s A
i A
| |

il

sucu iuegIexqrre) :

9307d 3¥Td *bg LT *TOPOR

*33 06T oSuey

2ZIOH UOIWZTFIATOZ
39°S b

¥9ges  UIeIIRd

g2 ¢ emdrg

0.

|

Ll
3

1
EEE
—— 1

=
7# *ii,

r‘:*_‘;
i
=
S

EE

S

3-48




ConJuctn/n%C)o/lpo;aﬁon

measured: a flat plate 1 foot square, a flat plate 2 feet square, a sphere
3.5 inches in diameter, and a sphere 11.85 inches in diameter. The results

of these measurements indicated an excellent agreement with the theory..

For example, Figure 3.10 is the radar cross section of a flat plate
which is 1 foot square, as measured outside the radome, and Figure 3.11 is
the same plate measured inside the radome. This was a very important test
since the radar cross section of the flat plate is very nearly equal to that
of the radome. In Section 3.k.1 above, the radome was estimated to have a
radar cross section of approximately 0.5 square meters or -6.0 db > m2.

The flat plate radar cross section is given by:

by A°
9flat plate 7\2
where
A = . flat plate area
A= wavelength and at 1.3 kmec = .23 meters
Oc1at plate = 3.1 square meters
= 5.0 db >: m2

Thus the difference in radar cross section between the flat plate and the
radome is approximately 11 db and thus we would expect some distortion of the
flat plate pattern as taken in the radome. Figure 3.11 shows some distortion
in the sidelobe structure and indicates that the estimate of the radome echo

area 1s essentially correct.

Figure 3.13 shows two reflection patterns of a flat plate 2 feet square
mounted in the radome. These two patterns were taken at two different times
and show the repeatability which can be obtained. Time stability is necessary
to the correct evaluation of the ECHO segments and this pattern shows that
the time stability of the measurement system is not affected by the presence
of the radome. In general,the experimental data was consistent with previous
estimates and it appears that excellent results will be obtained on the seg-

ment measurements, with no adverse effects introduced by the radome.
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3.4.5 The Radome as a Housing for a Transmitting Antenna

As indicated at the beginning of Section 3.4, Conductron performed a

limited analysis to determine the suitability of the radome as a housing for

a transmitting antenna. The theoretical
dipole antenna was located at the center
radome. The problem is to determine the

tion pattern is affected by the presence

If the dipole source is located at

hypothesis was that a free space
of a large, spherical, thin-wall
extent to which the antenna radia-

of the radome.

the centexr of the spherical

dielectric shell, the problem is straightforward and has already been solved

by the Kellers(7)who considered the more

for our purpose, all that is required is

general three-medium problem. Hence

to modify their results.

The notation we shall use is the same as in Reference (8) and differs

from the Kellers' notation. The electromagnetic fields E e~i&¢ and § e—iwt
are written in terms of the vector potential I e_iwt satisfying

F+ K = o (3.25)
in the following manner

H = v~k ,

E = E—g v (v-X) + k°K]. (3.26)

k

For a point dipole with axis in the z-direction, in a medium of infinite

extent, the solution of Equation (3.25) is found to be a vector with a single

component

ikr
8, =4, (e"/r),

(3.27)

where AO is a constant proportional to the dipole strength.

(7) H. B. Keller and J. B. Keller, "Reflection and Transmission of Electro-
magnetic Waves by a Spherical Shell", J. App. Phys. 20, 393-396 (1949).

(8) J. J. Bowman, "High-Frequency Scattering from a Conducting Sphere Surrounded
by a Thin-Wall Radome', Conductron Memo DLL20-233-M, August 20, 196k.
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With the presence of the spherical dielectric shell, the solution of

Equation (3.25) is a vector with the following non-zero component

ikr -ikr
AZ = AO e + A1 e , 0<r<b
r r
nlklr elelr
AZ = A, = + A3 - ,b<r<a (3.28)
eikr
AZ = AA - , a<r

where kl = ek is the propagation constant with the dielectric. The coefficient
Al for the reflected field and the coefficient Au for the transmitted field are
given by Keller. Adopting and simplifying their expressions to suit our pro-

blem, we find

A . 2ik &

Kl g 21kb (1-¢) [r We) 6* (Je) - F (de) 6* We) e a (2 50)
, BTk 2 N

’ (we)® Pe) o@le) - (1) B(Ne) 6(~e) e

A -ik8

r - i s o (3:30)

-ik.d i
° (1We)2 FWe) eWe) e+ - (14e)? F(de) 6(Ne) e *

where

]
e
[

Pe) Loty Q-2)P-2 L oa-i,

ika J; k2a2 J; rf% k3a3 J;

eWe) = 1+ =2 (1--2) - (1--2)Y+ L (1--2),

L L 1
ikb J;, k.gb2 Je e k3b3 Je

and = a-b. When ka and kb become infinite while a-b = & and r-b = x remain

i
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finite and A (elkb/r) approaches a limit A', the problem reduces to that of

plane waves

normally incident on a flat plate separating two identical half-

infinite media [See e.g. Reference (2) pp. 512(9)].

We are interested in the expansion of the transmitted field under the

conditions

kb >> 1,

k®<<1,

and we obtain, to first order in k&,

A,

A
)

=1 -

Recall that
plane sheet

Since

is high, we

kd 1 8  (e-1) (e-2) 1
51 (D + 1% c +0 (k3b3)

(3.31)

to this order in kb, the amplitude transmission coefficient for a

is given by

T, = T, = 1- £ (e1) (3.32)

the transmission coefficient of the material in the NASA radome

would not expect to encounter any difficulty in using this radome

as a housing for a transmitting antenna.
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4, TEST FIXTURE

A test fixture has been constructed inside the radome which is capable of

accepting segments of satellite material for radar transmission and reflection
testing. The basic structure is constructed of light-weight aluminum and is 20
feet in diameter. An inflatable torus is fitted around the outside circumference
to achieve an overall diameter of 22 feet, The satellite material is mounted on
the front of the fixture with its edge passing over the torus. An air-tight seal
is made between the satellite material and structure. An inflation envelope is
made by enclosing the back of the fixture with a film of mylar 0.0075 inch thick.
An air tight seal is also made between the mylar film and the structure. The
fixture is mounted on a heavy duty, three-axis antenna positioner which was
supplied to Conductron for use on this project by the National Aeronautics and
Space Administration. The concept is shown in Drawing #124204 in Appendix B, and

the assembled test fixture is shown in Figure 4.1 and 4.2,

4.1 Construction of Basic Structure

The basic structure is circular in shape and constructed of light-weight
aluminum., A complete set of fabrication drawings are included in this report as
Appendix B.

The outer rim of the structure is made of 14 aluminum castings having a
configuration as shown in Drawing #122402. As can be seen from the drawing, each
casting has a doubly curved surface., The concave rim surface has a 6 inch radius
of curvature and was designed as a mounting face for the inflatable torus. The
convex rim surface is curved so that when the castings are bolted together end to
end, a circular structure 20 feet in diameter is formed. Each casting was fab-
ricated using typical sand casting techniques and X-rayed to insure freedom from
structural defects. The surface irregularities were removed by sandblasting or
hand grindigg wherever necessary. The planer surface of each casting was milled
to a tolerance of + .005 inch to provide a flat mounting surface for the support
trusses, the segment material, and the mylar film.

The rim styructure is supported by four trusses which are constructed of
aluminum tubing. Mounting plates are welded to each end of the truss structure so

that the truss can be bolted to the rim and to the positioner mounting plate. The

-1
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support trusses also provide a mounting base for the transmission measurement antenna
assembly. The truss assembly is shown in Drawing #122407 and in Figure 4.2, the
mounting plate is shown in Drawing #122430, and the antenna assembly is shown in
Drawing #122457,

The fixture is assembled by first bolting together the rim structure in an
inverted position so that the planer mounting surface is upward. A cork gasket is
then cemented to the mounting surface and the mylar backing material is bonded to
the cork. The support trusses are then bolted to the rim structure and the
positioner mounting plate is bolted to the trusses tying the entire structure
together., Figure 4,3 shows the method which is used to attach the rim sections
together and the attachment between the rim and the support trusses. Figure k.h
shows the attachment between the support trusses and the positioner mounting plate.

The mylar retaining ring is then bolted into place making an air-tight seal
between the rim structure and the mylar. The retaining ring is constructed of
0,125 inch aluminum and is 3.9 inches wide. It is made in seven sections which are
arranged so that each joint in the rim structure is spanned. A cork gasket is
bonded to the under side of the ring, to insure the mylar air seal, and a foam
rubber gasket is bonded to the upper side to protect the segment material from any
sharp edges. The retaining ring is slotted and keyed to prevent interference with
the support trusses.

The entire structure is then turned over, so that the mounting plate is on
the under side, and placed on the antenna positioner. The weight of the structure
is approximately 650 pounds, thus in order to turn it over, it is necessary that
an overhead support mechanism, such as a crane, be employed to insure personnel
and equipment safety., When the structure is turned over the positioner mounting
plate is fastened securely to the antenna positioner using twelve 0.5 inch
diameter bolts.

The torus is then installed by first positioning the air inlet valves on the
inside diameter of the torus with the pass holes in the rim stxucture. The torus
is then fitted to the outside rim in the same manner as an inner tube would be
positioned. When the torus has been mounted and inflated the segment material can
be mounted so that it passes over the torus. The material is held securely in

place by the segment retaining ring. This ring is also constructed of 0.125 inch

A
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Figure 4.3

Rim Attachments

Mounting Plate Attachments
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aluminum but is only 2.0 inches wide. It is made in seven sections and the bolting
arrangement is such that each joint in the rim structure and in the mylar

retaining ring spand. A foam rubber gasket is bonded to the under side of the ring
to insure an air seal between the segment material and the rim structure and to
prevent damage to the segment material from any sharp metallic edges. A cross

section of this entire assembly is shown in Drawing #124205,

4,2 Construction of the Torus

The torus is a bi-tubular structure designed to be capable of increasing its
outside diameter, uniformly, from 22 feet to 22.5 feet, One tube, referred to as
the main torus, has an outside diameter of 22 feet and a tube diameter of 1 foot.
This is maintained at a constant pressure level so that it never changes size or
shape. The second tube, referred to as the bladder, is attached to the outer
circumference of the main torus. The bladder is expandable as a function of
internal pressure and provides the capability for increasing the outside diameter
from 22 feet to 22.5 feet, Figure 4,5 shows the torus with the bladder deflated,
and Figure 4.6 shows the bladder inflated. The torus was designed and built by
Raven Industries, Ind. of Sioux Falls, South Dakota.

The objective in constructing this torus was to provide a method for
maintaining the overall radius of curvature as the segment skin stress increases.
When the segment is initially mounted on the test fixture, the envelopefdrmed between
the segment and the mylar film is inflated just enough so that the segment will
assume its designed shape.

The segment contour is measured using an optical technique., A vertical
index rod is placed close to the segment with the plane defined by the fixture
rim normal to the ground. A horizontal index rod is placed underneath the seg~
ment and fixture. A photograph is then taken and compared with a standard grid.
In this way a silhouette contour is obtained., The segment is then rolled about
its axis and silhouette contours are obtained to insure that the segment is
symmetrical. Figure 4,7 is a curve showing segment radius of curvature as a
function of the distance between the segment center and the plane defined by the

front edge of the torus.

When the initial contour has been defined it is necessary to maintain that
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Torus, Bladder Inflated




Figure 4.6  Torus, Bladder Deflated
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contour throughout the remainder of the tests. As the internal pressure between
the segment and the mylar film is increased the segment skin stress increases
and the segment material expands. The overall radius of curvature may be main-
tained by expanding the edge diameter to compensate for the material expansion.
As the material skin stress increases the tension loading on the torus increases
proportionately.,

The main torus is a gored structure made of a dacron-mylar material. The
tolerance on the inside diameter was specified to be + 0 and -1/4% of the inside

diameter when the structure is maintained at the operating pressure under no load.

The tolerance on the outside diameter was specified to be + 0.5 inch when main-
tained at the operating pressure under no load and with the bladder collapsed.
The bladder is a nylon-mylar material constructed in the same way as the main
torus.

One of the more important problems in the design of the torus was to
determine the material strength required to withstand the shear forces exerted
by the segment material., If one considers a torus supporting a spherical cap,
as shown below, the material stresses in the cap should be the same as those in
a full sphere having the same radius of curvature and the same internal pressure,

Pge The stresses should then be given as

6 -

where t is thickness and r is radius, both in inches. If the maximum inflation

pressure were ,0723 (2 inches of water) in a sphere of 67.5 ft. radius, the skin
stresses per unit thickness will be
Pg T 0723 « 67.5 » 12

S.;t=—% = > = 29,28 1lbs./in. (See Figure 4.8)

One can then consider the half torus shown below as loaded evenly with centrally
directed loads of L lbs./in. about its circumference., A free force analysis of
this section then indicates that the components of load directed normal to the

diameter of the torus along which it was severed must be opposed by the forces on

L-10
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the severed cross sections, i.e.

2psp=nrlL sin 6 d 6

6

2p. =w r2 =nxrL?2
i

}
1
@:::—_Q{ _ L _ 29,28 1bs./in.

P =% = 6 in.

p = 4.88 psi

In a case in which the structure is to be used repeatedly and must never be
allowed to expand into an inelastic region of elongation, safety factors of
three or more are justifiable. The greatest stress on the torus will be in a

circumferential direction given by

for a tube radius of 6 inches, an internal pressure of 5 psi, and a safety

factor of 3, a material strength of

S.¢ = 15.6 = 90 1lbs,/in,
is necessary.

High-strength fabric materials are usually heavy and stiff and, therefore,
unsuitable for repeated handling. The only material which was suitable for this
application was the dacron-mylar bi-laminate. This material is light, weighing
only 3.2 ounces per square yard, and is flexible and easy to handle. The material
has a strength of approximately 1LO pounds per inch,

The second main design problem was the construection of the bladder. 1In

order to properly design the bladder it was necessary to determine the way in which
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a bladder expands as a function of tension in the segment material and pressure
in the bladder., Tests were performed on a cylinder section, approximately five
feet in height and one foot in cross section, simulating a section of the actual
torus. Tests were conducted on bladders of six inch and eight inch diameters
(fully expanded), The entire test model was constructed of nylon-mylar material.

The test apparatus is shown schematically in Figure 4.9. The basic support

steel in the form of a 5™ arc of a 1 foot
diameter cylinder, five feet long, (C). (A) and (B) are the main torus and
bladder, respectively, (D) is a 0-2 psi pressure gauge and (E) and (F) are control
valves to allow reading the air pressure in the bladder. (&) are screw closure
valves leading to the bladder and torus, respectively., (H) is a Hunter load gauge,
(L) is the loading membrane, and K is a crank to allow adjustment of the load.

The experimental procedure is as follows:

The cylinder section, with the bladder collapsed, is placed in the rig and the
desired air pressure is placed in the main tube, which is then sealed off. The
desired load level is registered on the Hunter gauge by adjusting crank K. The
bladder is then inflated slowly, while maintaining a constant load on the membrane.
As the pressure in the bladder increases, the increase in the bladder expansion
along the x axis of Figure 4.9, is recorded as a function of pressurc by measuring
the distance between the outermost point of the bladder and a fixed reference
point on the x axis,

These points are shown in the graphs Figure 4,10 and 4,11, for the six inch
and eight inch diameter bladders, respectively., The theoretical curves shown in
each of these graphs are plotted from the results of a theoretical analysis of
the bladder operation.

Assuming the bladder material to be partially in the form of two half
cylinders of radius r and the rest in the form of two cylinder segments sub-
tending an apgle @ at the center of the main cylinder as shown below. These
sections ha?e radii of R and R + 2r. The total surface area of the bladder must
always be a constant given by AT = 2xn roh where r, is the radius of the fully
expanded bladder, and h is the cylinder height,

The loaded membrane may, at any time, be considered as being supported by

the area A, given by
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6 2n

A= (R-;ar)h = 6h (R+2r)

T
Now 6 may be found from the fact that surface area of the bladder is a constant
so that

]

A

p = 2n r h=e6h (R+2r) + 6 Rh

or
n (r0 -r)

R+r~r

. h(R+ 2r) n (r0 -r)
e o A=

g =

R+r

The force exerted by the tension in the loading medium must be counteracted
by the pressure, P, in the bladder acting over area.p . .

PA = 2T = const,

One additional limitation on @ exists, however, in that the bladder is
taped to the main torus over a reasonably large area so that full expansion is
not possible,

In the case of the six inch diameter tube, the minimum value that 8§ can

attain is 2/3 rad. resulting in a maximum bladder diameter of 2.8 inches as shown

by the rapid "tailing off'" of the P vs d curve in Figure 4.10. A similar analysis

shows that the maximum diameter for the eight inch bladder should be 3.81 inches.
These lines are shown as theoretical cut-off lines in Figures 4.10 and L4.11. Of
course, the bladder will not be in the assumed shape throughout its expansion.
Thus the ugreement between experiment and theory is expected primarily as low

pressures, Also, it is probable that readings will be obtained above the
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theoretical limit. Also, 2Twas taken as 100 lbs. throughout the tests. The
pressure in the main torus was maintained at 1.0 psi.

The agreement between theory and experiment is excellent for the six inch
bladder and is fairly good for the eight inch bladder. A good deal more difficulty
was encountered in obtaining the latter data due to the difficulty in keeping the
bladder from rotating as the load membrane was adjusted. This difficulty is not
expected in the actual torus, partly because the hoop stresses on the inflating
bladder will tend to make it maintain its position and partly because frictional
forces between the bladder and segment material are expected to be much smaller.

It is expected, therefore, that theory will provide a reasonably accurate
representation of bladder pressure vs expansion.

The eight inch diameter bladder was adopted for use in the torus itself
since the pressure vs expansion curve will remain in the near-linear range over

the 3 inch expansion desired.
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5. INSTRUMENTATION

The instrumentation at the radome facility was designed for the measure-

ment of large pressurized segments. The four systems which comprise the facility
instrumentation are:

(1) R. F. System

(2) Pressure monitoring System

(3) Positioning system

(4) Bistatic Cart

A block diagram of the instrumentation is shown in Figure 5.1.

5.1 R. F. System

The R. F. system consists of a setup for measuring the amount of energy
which is reflected from the front side of the segment, and a setup for measuring
the amount of energy which is transmitted through the segment.

The reflection measurement setup is considerably different from the one
discussed in Section 3.4 above. No balancing network is required for measuring
segment reflection since the segment radar cross section is the order of 1200
square meters. Therefore, the segment reflection characteristics can be measured

with a simple two antenna system as shown in Figure 5.2 below.

Phase .
t

Locked ———————8 Tgpolator @ Axrgil:
Source .
. Crystal | g1 Rec.
Receiver p———& Mixer Ant.

!

Recorder

Figure 5.2 Reflection Measurement System

The transmitted antenna is fixed at one end of the bistatic track. The
receiving antenna is mounted on a portable tower. The tower rests on rails
which extend the length of the bistatic track and is motor driven so that the

position of the tower on the bistatic track can be changed remotely., Reflection
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Figure 5.1 Radome Facility Instrumentation
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measurements are possible using this antenna system at any bistatic angle from

0 to 30°. The receiving antenna tower is discussed more completely in section
5.4 below. Both reflection and transmission measurements are possible at three
different microwave frequencies. L. F. E. Series 8lk4 ultrastable microwave
oscillators are used as R.F. sources for all three (L, C, and X) frequency bands.

These units have frequency stability of the order of 1 part in 106, long term and

8 achavt +ovm Thn

arts 107, short term. receiving and recording units are the Scientific-
Atlanta series 402B and series APR-20 respectively. The specifications for this

equipment are shown below,

RECEIVER SPECIFICATIONS MODEL L02B

Frequency Coverage 30 me ~ 100 kme

Dynamic Range Lodb

Sensitivity (30 mc - 10 kme) = - 85 dbm
I.F. Frequency 65 me

I.F., Bandwidth 1 me

Linear Deviation of
output 0.5 db

RECORDER SPECIFICATIONS MODEL APR-20

4o inches/sec.
Pen Accuracy 0.25 db

B.We = 2% of center frequency @ 3 db

Pen Writing Speed

1

1

Chart Speed = 12 inches/sec.
Chart Cycle Length = 20 inches

The transmission measuring system consists of six standard gain horns, two
each for the L, C and X band frequency regions. During operation, one antenna
for each of the three bands is inserted into the pressurized compartment at the
center of the radome, directly behind the test segment, (see Figure 5.3) thus
allowing transmission measurement through the material to be made. The other
three antennas are identical to the first, and are used to receive the direct

signal from the transmitter, thereby providing the necessary calibration infor-
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Figure 5.3 Antennas Used for a Transmission Measurements
as Mounted on the Test Fixture
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mation. The power received by the antemnas is fed into a Hewlett Packard model

431B power meter which provides a visual indication of the transmitted power,

5.2 Pressure Monitoring System

The pressure monitoring equipment consists of one Equibar Type 120 pressure

meter, which is used for monitoring segment pressure. One Marsh 0-10 PSI pressure

meter which is used to monitor torus pressure, and one Monroe model 117A differential

B,

pressure transducer is used to measure the bladder pressure. The outputs of the

models 117A and 120 pressure meters are fed to a Bausch and Lomb model VOM-5

recorder,
Bladder
Monroe Pressure Transducer
Torus Pressure Meter (0 to 10 PSI)
—— Equibar Pressure Meter
Segment

All of the pressure readings are taken relative to the radome pressure which is

et ] ; PR e A 4
maintained at dpprox,matelv 2.5 inches of waler.

5.3 Positioning System

The positioning system consists of a 14 foot hydraulic cylinder, and a
Scientific Atlanta azimuthover elevation over azimuth positioner.

The hydraulic cylinder can be controlled from within the radome, and
provide continuous height adjustment of the segment. When the hydraulic system
is in the full down position, the fixture is approximately 4.5 feet above the
radome floor and provides an easy working height for segment mounting. This
system is discussed more completely in Section 2 above.

The three-axis positioner provides continuous remote control of the targets
pitch, roll and azimuth position, and is controlled at the mast control room by
means of a Scientific~Atlanta model PC-L4 positioner control, A few of the

positioners specifications are listed below
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Azimuth Accuracy + .05°

Elevation Accuracy = + 0.1°
Azimuth Speed = 1.5 RIM
Elevation Speed = 90°Min.

1:1 and 36:1 syncros are provided on all three axes of the positioner, to

drive the remote position indicator units, and necessary chart drive.

5.4 Bistatic Cart

The bistatic cart is driven by means of a remote controlled 3/4 H.P. D.C.
motor and a 50:1 gear reduction. The drive motor is controlled by using a
Scientific—Atlanta model Pc-U4 Positioner Control Unit. The speed of the cart
may be continuously adjusted from O to approximately 35 feet per minute, thus
allowing the 30° arc to be transversed in approximately 2.5 minutes. The antenna
tower which is mounted on top of the bistatic cart allows continuous antenna
height adjustment to approximately 15 feet above ground level. The antenna
tower, cart and bistatic track are shown in Figure 5.4,

A 1:1 syncro transmitter is located on the receiver cart and is used to
provide the necessary chart drive to the recording and position-indicating

equipment, A drawing of the receiver tower is shown in Appendix A.
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Figure 5.4 Bistatic Cart
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APPENDIX B - TEST FIXTURE DRAWINGS
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